The analysis of suit[2]-, suit [3]ane and tetrafould [2]-rotaxanes on the bases of calix[4]-arene with the help of the "mechanical disconnection operation" show that these structures possess only one mechanical bond, which is suggested to be called bi-, tri-and tetrafurcated one, respectively, since such structures bear two, three and four divergent mechanical entanglements. In the same time, introduction of the external bulky groups to these structures transforms such unique mechanical bonds into several single ones. There can be several different invariants which have only one mechanical bond, but possess different number of the intrinsic mechanical entanglements like, for example, in [2]-catenane and doubly braided [2]-catenane. The mechanical bond in the last case is proposed to be called the tight one. The constrictive bonds in carceplexes are classified as the spherical mechanical bonds. Thus, the whole classification of the mechanical bonds (together with the previously proposed ones), is presented.
Introduction
The mechanically bound compounds (Balzani et al., 2009; Bogdan et al., 2006; Coronado et al., 2009; Crowley et al., 2009; Faiz et al., 2009; Godt, 2004; Harada et al., 2009; Saha et al., 2007; Sauvage et al., 1999; Stoddart, 2009 ) attract from year to year more and more attention not only because of their idealistically appealing structures which require sophisticated synthetic macrocyclisation methods (Wang et al., 2004; Wu et al., 2007) , but also because of their feasible applications in nano-technologies (Collier et al., 1999; Green et al., 2007) , material sciences (Ma et al., 2010; Tian et al., 2006) and even in bio-imaging (Gassensmith et al., 2009) . The main force which contributes to the connectivity in such molecules is the mechanical bond. It rather prevents the dissociation of covalently built units than holds together in the sense of the attractive interactions (Fyfe et al., 2000) . In contrast to the attention paid to the chemistry of the mechanically bound species, their correct classification in terms of different types of the mechanical bonds, still remains not sufficiently developed (Liang et al., 1994; Vysotsky, 2009 ).
In the previous article (Vysotsky, 2009) , the tool was presented to count correctly the numbers of the mechanical bonds. It is called "mechanical disconnection operation" (MDO). It consists of three steps carried out on the link analyzed: i) cutting of a unit (sublink) within the link, ii) disconnection of the units thus obtained and iii) reparation of the unit (sublink) previously cut. The numbers of such MDOs within a given structure to finish with the structure without any mechanical bonds is equal to the number of the mechanical bonds.
However, there are special links, which possess the alternative ways for the MDOs, usually the longest and the shortest ways (Liang et al., 1994) . Thus the number of MDOs on the longer way only gives the answer to the question how many mechanical bonds are present within a given link. The numbers of MDO on the longer way is also known as the so called Brunnian number M (Liang, 1994) . For the topologically trivial structures like rotaxanes the complementary Brunnian number L has been introduced (Vysotsky, 2009) . The number of MDOs on the shortest way is known as the Brunnian number μ (Liang et al., 1994) and its complementary for the topologically trivial structures is called λ (Vysotsky, 2009) .
Let us first to analyze three examples for the demonstration how the mechanical bonds can be calculated. For instance, there are many different invariants, which all are described under the name "Borromean rings" (Liang et al., 1994) . The simplest one is well known and represented with the structures of 1 shown on Figure 1 (Cantrill In the same time invariant 2 (Figure 2 ), which has never been described before, belongs definitely to the class of Borromean rings. Its structure can be also analyzed with the help of MDO. In this way, the invariant 2 can be disconnected into four rings only in one step, if the first MDO is applied to the orange ring "1" or the blue ring "2". In the same time, if the MDO is applied to any of the green rings "3", there are two disconnection operations needed to end up with the four unconnected rings. Thus, the Brunnian numbers are μ = 1 and M = 2. The mechanical bond between the sublink 1 and one green ring (to end up with 2) is the single one. In the same time, the mechanical bond in 1 is proposed to be the double one (Vysotsky, 2009 ). The whole number of the mechanical bonds within the Borromean ring 2 is equal to the sum μ + M (but not in the structures like catenanes or rotaxanes ! Vysotsky, 2009 ) and is equal to 3 (one triple, one double and one single).
[3]-Rotaxane 4 ( Figure 3 ) consists of one dumbbell 5 unit and two (macro)cycles 3. In this case for the analysis we must apply the embedded graphs or rigid representations (Flapan, 2000; 2007) . The number of MDOs applied to the (macro)cycles (on the longest way) is equal to two and thus the Brunnian number L = 2. The number of MDO applied to the dumbbell (on the shortest way) is equal to 1 and thus λ = 1. The number of mechanical bonds within the rotaxanes is equal to L and thus there are only two single mechanical bonds.
In this article, the successive developments of such views on the additional structures are made and new types of the mechanical bonds are found out. This might be very important for the future work in this area, since the complexity of the interlocked or mechanically bound structures increases from year to year.
Results and discussions

Bi-, tri-and tetrafurcated mechanical bonds
There are very interesting compounds known as suit[2]anes 7 (Williams et al., 2006) , which are constructed in the way, that one unit without any cycles (body) is trapped within the second unit bearing two cycles (suit, Figure 4 ). If we apply the already mentioned "mechanical disconnection operation", we need only one of those to end up with no mechanically bound units. In this case the complementary Brunnian numbers λ and L are applied, since we deal with the topologically trivial structures (Vysotsky, 2009) . Thus, there is only one mechanical bond in such invariant (since L = 1). It is however the very interesting and special one, since because of the structure, it contains two divergent mechanical intertwinings. Such mechanical bond I propose to describe as the bifurcated mechanical bond.
Analogously we can analyze the structure of the suit[3]ane 10 (Northrop et al., 2006) (Figure 5 ). In this case also λ = L = 1. Thus, there is only one mechanical bond present, which I propose to call the trifurcated one, since it has tree divergent mechanical entanglements. In the analogous way, the structure of the four fold [2]-rotaxane 13 (Molokanova et al., 2006 ; Figure 6 ) also contains one mechanical bond, which I propose to call the tetrafurcated one due to the four mechanical entanglements, which it has.
It is interesting to note, if some external voluminous groups will be attached (Figure 7) , such bi-, tri-and tetra-furcated mechanical bonds will be transformed into two, three and four single mechanical bonds, respectively, since the invariants 14-16 will need two, three and four "mechanical disconnection operations", respectively, not the single ones, to completely brake all the mechanical bonds.
Normal and tight mechanical bonds
The additional intrinsic entanglements within, for example, [2]-catenane 19 (Figure 8 ) to end up with doubly braded [2]-catenane 20, does not change the number of the mechanical bonds present, however, it does change the number of the crossings present. It might also change some of the physical properties of the real molecules of such type.
[2]-catenanes can be doubly (Ibukuro et al., 1999; Pentecost et al., 2006) or triply or manifold interwoven. Such mechanical bonds with the additional intrinsic intertwinings I propose to call the tight ones, not to mix them with the multiple mechanical bonds (Vysotsky, 2009) , since the last ones appear within the structures having the possibility 1) to be disconnected only once; 2) having more than two covalent units, which are mechanically bound together. The examples on the Figure 8 demonstrate the single (19) and single tight (20) mechanical bonds.
only six crossings. This means, there are additional intrinsic intertwinings present in 21 in comparison to 1. Thus, the mechanical bond is the double tight one in this case. In the analogous way, the tight triple, quadruple, quintuple and so on mechanical bonds are also possible and some of them are represented on the Figure 9 .
Spherical mechanical bonds
The energetic similarity between the mechanical barriers in a pseudorotaxane and constrictive binding in a (hemi)carceplex 24 (Figure 10 ), had been already described (Fyfe et al., 2000) . Thus, the parallels between the normal mechanical bond (which is as stable as the weakest covalent bond within a given structure) and constrictive bond (Cram et al., 1991) in a carceplex, is made. Since it is the very special bond, I suggest classifying it in the context of this article as the spherical mechanical bond.
Complete classification of the mechanical bonds
We could see that three new types of the mechanical bonds have been identified which complete the whole palitra of different types of the mechanical bonds: bi-, tri and tetra-furcate ones, the tight and the spherical ones. All types of the mechanical bonds are represented on the scheme shown on the Figure 11 . All types can be devided in to two large groups: 1) nonpermanent mechanical bonds, which are present in kinetically not sufficiently stable complexes like pseudorotaxanes (Ashton et al., 1991; Ashton et al., 1998) , hemicarceplexes (Jasat et al., 1999) , anchoranes (Vysotsky et al., 2000; Vysotsky et al., 2001) , foldaxanes (Ferrand et al., 2011) and 2) permanent ones, which are present in compounds like catenanes, rotaxanes, etc. The permanent bonds can be further classified into spherical ones (or constrictive) bi-, tri-, tetrafurcated, single, double, triple, quadruple and so on ones. Each of the single, double, triple, quadruple bonds can be additionally classified into the normal and the tight ones.
Thus, the classification of all types of the mechanical bonds has been successfully completed in this article. Angew. Chem. Int. Ed., 45, 6665-6669. http://dx.doi.org/10.1002/anie.200602173 Wu, J., Leung, K. C.-F., & Stoddart, J. F. (2007) . Efficient production of [n]rotaxanes by using template-directed clipping reactions. Proc. Natl. Acad. Sci. USA, 104, 17266-17271. http 
